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ABSTRACT
The aim of this study was to provide: a) an evaluation of current ELF-MF exposure in workers, b) the specific 
contribution of occupational exposure to overall 24-hour exposure, and c) the representativeness of a Job 
Exposure Matrix. 543 workers were monitored for 2 whole days using personal meters. Time-Weighted 
Average (TWA) levels at work, at home, and outside the home (respectively work TWA, home TWA and 
environmental TWA) were calculated. Tasks were classified according to the ISCO 88 International Standard 
Classification of Occupations. In about 10% of the entire sample, the monitoring was repeated after 6-9 
months.  In the whole sample, the median of TWA am during work was 0.14 µT (5° - 95° percentiles: 0.04 - 
2.50 µT). Median Home TWA and Environmental TWA were respectively 0.03 (5°-95° percentiles 0.01 - 0.24 
µT) and 0.05 µT (5th-95th percentiles 0.02 – 0.28 µT). The correlation between TWA values during the first 
monitoring and the replication was r =0.80. The contribution of occupational exposure to the overall 24-hour 
exposure was estimated showing that, during working days, about the 60% of exposure is related to work. 
The variability of individual work TWA among subjects included in the same ISCO 88 task, evaluated using 
ANOVA, proved significant in 56% of the tasks
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1.  INTRODUCTION
An adequate evaluation of exposure is a recognized problem in epidemiological studies on the possible adverse 
effects of occupational exposure to Extremely Low Frequency-Magnetic Fields (ELF-MF) [1], as misclassification 
of exposure can lead to misleading conclusions [2]. The aim of this study was to provide an evaluation of current 
ELF-MF exposure in workers, the specific contribution of occupational exposure to overall 24-hour exposure, and 
the representativeness of a Job Exposure Matrix based on the ISCO 88 classification [3]. 
2.  METHODS
Five hundred and forty three workers (383 men and 160 women) were monitored. Tasks were classified according to 
the ISCO 88, yielding 31 ISCO 88 tasks. ELF-MF exposure was monitored for 2 whole days, including both working 
and non-working periods, using personal meters (EMDEX Lite). Time-Weighted Average (TWA) levels at work, 
at home, and outside the home were calculated, respectively work TWA, home TWA, and environmental TWA. 
To evaluate the repeatability of exposure data measurements, in about 10% of the whole sample, the monitoring 
was repeated after 6-9 months, using the same procedure. The variability of individual work TWA among subjects 
included in the same ISCO 88 task was evaluated using ANOVA.
3.  RESULTS
For the whole sample, the median of TWAs am during work (work TWA am) was 0.14 µT, and the 5° - 95° percentiles 
were 0.04 - 2.50 µT, respectively; the median of TWAs gm was 0.08 µT (5°-95° percentiles 0.02 - 0.57 µT). Spearman’s 
correlation coefficients between individual TWA am and TWA gm was r = 0.85 (p < 0.001): due to the high correlation 
found, in the rest of the paper, we have decided to focus discussion mainly on the results as TWA am, as this is the 
parameter currently applied in most epidemiological studies.
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The correlation between individual work TWA am  measured during the first monitoring and in replication performed 
in 53 workers some months later was: r =0.80 (p < 0.001), showing a good reliability. Similar results were obtained 
considering home TWA and environmental TWA.
The variability of work TWA among workers included in tasks classified according to ISCO 88 (ISCO 88 task), 
evaluated using ANOVA, is significant, showing differences in individual work-related exposures among workers 
included under the same ISCO Code, in more than half of the tasks considered (56%) (Table 1). 
Median Home TWA (0.03 µT) was less than 20% of work TWA; the 5°-95° percentiles were 0.01 - 0.24 µT, respectively. 
The Environmental TWA was similar from a practical point of view: the median value was 0.05 µT and 5th-95th 
percentiles 0.02 – 0.28 µT. Finally, the contribution of occupational exposure to the overall 24-hour exposure was 
estimated (Table 2). Accordingly, for each subject, the ratio between work TWA am and the 24-hour exposure was 
calculated; the median ratio was found to be 0.59.
Table 1.  Results of variance analysis of the individual work TWA am of workers included in 24 jobs classified according  
to the ISCO 88 classification of occupations. The significance of differences was evaluated using Fisher’s F distribution.
Table 2.  Occupational and Non-Occupational exposure at home and outside the home in the whole group of 543 workers 
monitored for 2 days using personal meters. Values are presented as TWAam, expressed in µT
Exposure at Home Environmental Exposure 
(Outside the Home)
Occupational Exposure
Median value 0.03 0.05 0.14
5° - 95° percentiles 0.01-0.24 0.02-0.28 0.04-2.5
 % of Workers with TWA levels exceeding:   
  0.2 uT 94% 91% 65%
  0.3 uT 96.81% 95% 75%
   0.4 uT 97.20% 96% 80%
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4.  CONCLUSIONS
Current ELF-MF work-related exposure in workers engaged in the main occupational activities in our area proved 
low, and relatively higher levels were only observed in a small fraction of subjects: work TWA  exceeding 0.4 µT, 
i.e., the threshold suggested for suspected long-term effects, was found in less than 20% of the whole sample and, 
considering the median value, in 13% of the ISCO 88 task-related TWAs. 
Individual exposure at home was lower than the occupational exposure (the median home TWA am is about 20%) 
and, in the vast majority of subjects (97.2 %) lower than 0.4 µT ; the median exposure during periods spent outside 
the home (environmental TWA) was similar. In the group as a whole, exposure during occupational activities makes 
the largest contribution to overall 24-hour exposure: about 60% compared to less than 40% for home and outside 
exposure combined. 
One last conclusion transpiring from this study is related to the use of JEMs for epidemiological research. In fact, by 
using the ISCO 88, i.e., one of the most common classifications, the same code frequently groups together workers 
with significantly different individual work-related TWAs, and there are no reasons to suppose that the problem can 
be avoided using other currently applied classifications, as most of them were developed for reasons other than the 
evaluation of exposure to hazardous risk factors. This problem, which could lead to misclassifications, should be 
adequately considered in future epidemiological studies.
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